Introduction
The bivariate relationship between two time series is often of crucial interest in atmospheric science. For example, the Madden{Julian oscillation (MJO) 3] was found using bivariate spectral analysis between the station pressure and zonal wind components at Canton Island { speci cally the co-spectrum and magnitude squared coherence. We introduce the wavelet covariance and correlation between two time series based upon the maximal overlap DWT 6] and Daubechies families of wavelets 1, Sec. 6.2]. Key points include the wavelet covariance decomposes the usual covariance on a scale by scale basis, approximate con dence intervals may be calculated for estimators of the wavelet covariance and correlation, and the wavelet cross-covariance and cross-correlation are used to investigate lead/lag relationships. We apply these wavelet estimators to the bivariate analysis of the Southern Oscillation Index (SOI), an indicator of ENSO activity, and Truk Island station pressure series, an indicator of the MJO. The fth scale, associated with the MJO, shows that the SOI is correlated with Truk Island station pressure series and they are roughly in phase. This scale exhibits the strongest magnitude correlations when compared with scales shorter than those associated with the semi-annual and annual frequencies.
The Maximal Overlap DWT Let fh 1 ;XY ( j )
Since this is just a correlation coe cient between two random timator of the wavelet correlation~ XY ( j ) using the MannWald theorem. To produce approximate con dence intervals for the wavelet correlation which are bounded by 1, Fisher's z-transformation is utilized 2, Vol. 3].
Application
Here we analyze the Southern Oscillation Index (SOI) and Truk Island station pressure series using the bivariate wavelet estimators previous introduced. The SOI is de ned to be the di erence between station pressure readings between Darwin, Australia and Tahiti, French Polynesia; see Figure 1 for locations of these stations in the tropical Paci c. The usual resolution for the SOI is monthly averages of the station pressure series, but since we are interested in a variety of time scales daily averages were utilized instead; see Figure 2 for daily values of the SOI and Truk Island station pressure series. The \staggered" look of the Truk Island series prior to 1971 is the result of rounding to the nearest millibar. A bivariate spectral analysis of these data provides some insight into the possible relationship between ENSO events and magnitude squared coherence between the SOI and Truk Island station pressure series. The magnitude squared coherence exhibits a large peak at the lower frequencies, which include the annual and inter-annual cycles, and two distinct peaks (centered at 0:0163 day ?1 and 0:0273 day ?1 ) in the frequency range of the MJO. Both peaks are signi cant at the 5% and 1% levels for a broad range of frequencies. The estimated cross-correlation sequence for the SOI and Truk Island series is shown in Figure 4 . The maximum occurs at a lag of +1 days. We also observe the characteristic broadband peak commonly found in atmospheric time series from this region, with a approximate range of 35{55 day lags. Although direct comparison between Figure 4 and Figure 5 is not appropriate, because the wavelet correlation does not decompose the correlation between two stationary processes, the wavelet covariance does decompose the covariance between two time series. Hence, we may make a rough comparison between the two. The MJO is known to occur with periods of around 30{60 days. We therefore expect to see it in scale 5 , associated with changes of 16 days and an approximate pass-band of 1=64 jfj 1=32.
The rst obvious di erence is the fact that usual crosscorrelation is positive for all negative lags. Looking at Figure 5 , we see that the wavelet cross-correlation for scales 9 and 10 are all positive and contribute to this feature, whereas for positive lags they are close to zero and allow the annual scale ( 8 ) to dominate. The two dips on either side of the peak at a lag of +1 days is the superposition of the rst six scales in Figure 5 . The subsequent peak around a lag of +40 days is a result of the anti-correlation for scales 5 and 6 reducing the annual cross-correlation component ( 8 ) for smaller lags. This leads to a di erent interpretation than what is seen by looking at the usual cross-correlation sequence. The correlation structure, when applied to all scales simultaneously, results in a quite complex looking cross-correlation sequence. When broken up with the wavelet transform a few simple, yet distinct, patterns appear which may be associated with known atmospheric phenomena. 
